The effect of subanaesthetic concentrations of enflurane on decision-making behaviour in risk situations was assessed using a signal detection task. The subject heard noise alone (white noise) or a signal superimposed on the noise (1000-Hz tone) and had to report what he heard in each trial. Risk situations were manipulated by changing the monetary reward and penalty associated with correct and incorrect responses. Eight male volunteers participated in this study. It was found that under anaesthetic influence they did not avoid the same risks which had been avoided under control conditions. The findings are explained in terms of influence of the gas on loss of control and lessened responsibility for the result of behaviour.
particularly storage and retrieval of word memory (Steinberg, 1954; Steinberg and Tomkiewicz, 1968; Adam, 1973) . Furthermore, intellectual impairment has been observed for several days following anaesthesia (Davison et al., 1975; Adam, 1976) . Decreased attention and slower processing of incoming information (Adam and Collins, 1978) probably account for most of the deficiencies in time perception and psychomotor skills based on reaction time. Verbal memory functions, however, are adversely affected even when the attention factor is taken into account (Adam, 1973) . The extent of anaesthetic effect on other complex cognitive functions such as thinking, verbal behaviour, reasoning and decision making has not been investigated.
The present paper focuses on decision-making behaviour. Previous unreported observations from our laboratory on behaviour of normal subjects under anaesthetic influence pointed to possible anaesthetic effects on this function. More specifically, we were impressed that the subjects were more impulsive in their responses and willing to adopt risky strategies. Since risk-taking tendency is known to be a major factor in decision making, it was the aim of this paper to assess the influence of subanaesthetic concentration of enflurane (Ethrane) on the risk-taking tendency in human volunteers. subject through earphones. The stimulus was either a white noise (N) or a pure tone superimposed on the same white noise (signal + noise, SN). Intensity of the N and SN stimuli were arranged to make discrimination between the two stimuli difficult. The subject's task in each trial was to decide whether the stimulus had been noise + signal or noise only. The subject's response can be classified into four different outcomes. If the signal was presented with noise: (1) a "yes" response would be correct (a hit) and (2) a "no" response would be incorrect (a miss). If the signal was not presented: (3) a "yes" response would be incorrect (false alarm) and (4) a "no" response would be correct (correct rejection) (table I). 
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The delivery of the stimuli was controlled by a PDP 11/45 computer. The subjects were presented with N stimuli in 50% of the trials and with SN stimuli in the remaining 50%. The order of presentation was randomized. The range of the white noise was 20 Hz to 20 kHz and its sound pressure was about 60 dB. The amplitude of the sinusoidal signal was 0.1 V and its frequency 1000 Hz.
A red warning light appeared on a panel in front of the subject, 500 ms before each stimulus. The duration of each stimulus was 100 ms, after which the subject had to decide whether he had heard the signal +noise or the noise only. The response was given by pressing one of two microswitches. A response interval of 3 s was allowed following the offset of the stimulus. At the end of this interval, a new trial began.
In order to manipulate the amount of risk involved, two risk conditions were established by offering monetary rewards and penalties for each of the possible outcomes. The money reward or penalty for each outcome (pay-off matrix) for the two risk conditions are presented in table II.
Since the range of the profits or losses was always higher for "yes" responses than for the "no" response in both conditions, "yes" responses were considered more risky than "no" responses (Lee, 1971 "yes" response was considered to be much more risky in the second condition (table II) where the maximum penalty for incorrect "yes" responses was bigger than for the first condition (75 cents v. 50 cents, respectively), without changing the range of profits (-75 to 4-25 cents v. -50 to + 50 cents, respectively).
As a measure of the subject's tendency to choose the "yes" alternative one can take the ratio of the probability of a yes response when signal+noise was presented (P(yes/SN)) to the probability of a yes response when only noise was presented (P(yes/N)) (Swets, Tanner and Birdsall, 1961) . This is termed likelihood ratio or decision criterion (CR), and is a good estimate of risk taking, provided that the ability to discriminate SN and the N stimuli remains constant. Since the anaesthetic did affect this ability, the solution was to increase for each subject in the anaesthetic condition the amplitude of the signal relative to the noise, to make discrimination easier. The final signal level was that which yielded success rates comparable to those achieved during control testing. (Discriminability measure is termed d' and is based on the frequency of occurrence of the different possible outcomes.) In summary, with constant discriminability levels, CR can be used as an operational measure for the risk tendency of the subject. Higher criteria imply less risk tendency.
Subjects and inhalation procedure
The subjects were eight paid male student volunteers, between 20 and 30 years of age. The criteria for admission to the study and the inhalation procedure are as described by Bentin, Collins and Adam (1978) .
Experimental design
Six subjects formed the experimental group and two subjects the placebo group. The latter did every- thing performed by the experimental group, only they did not breathe anaesthetic but air, being told that they were breathing an odourless anaesthetic.
Each subject served as his own control, participating in two sessions, control and gas. Three subjects in the experimental group and one in the placebo group began the experiment with the control session followed by the gas session, whereas the other four had the reverse order. Four subjects had the low-risk condition first, then the high-risk and again the low-risk conditions. Two subjects had first the high-risk, then the low-risk and again the high-risk conditions. The repeat conditions served to test the effects of fatigue. The placebo group were not presented with repetitions; one began with the low-risk and one with the high-risk conditions.
Procedure
Two days before the first session, the subjects were trained with the discrimination task. During the training each subject reached his maximal ability of discrimination, and the noise level was adjusted relative to the signal, to allow about 60% of correct answers (d' about 1.000). The training was completed after 1800 ±300 trials.
In both control and gas sessions the subject received full explanations about the task and the possible profits or losses, before the inhalation procedure began. In the gas session, the subject first breathed air through the anaesthesia circuit for about 5 min, to get used to the new situation. He breathed 0.25% enflurane vaporized in air for about 10 min, and was asked to perform several simple actions such as pressing a microswitch, and follow verbal commands, to assess whether the anaesthetic level would permit task performance. The enflurane concentration was kept unchanged, decreased, or increased, accordingly. The range of changes never exceeded 0.04%. Testing began when the required equilibrium was achieved, when the inspired-expired difference in enflurane concentration was no more than 0.05%. The subject first received a short training period to readjust stimulus parameters in order to keep the performance level at 60% correct answers despite anaesthetic influence on discrimination ability.
When all preparations were complete, the experimenter made sure that the subject understood the consequence of incorrect responses in terms of loss of money, and only then the test began. Three hundred trials were given in each risk condition. The stimuli were presented in blocks of 100 trials, with a 1-min interblock interval, and 5 min rest period following each 300 trials. Before each new risk condition, the instructions were repeated, emphasizing the meaning of the new pay-off matrix. Criterion and d' values were based on 300 trials.
An anaesthetist supervised the subject throughout the whole session, and for half an hour following the end of the experiment.
The procedure was identical in control sessions, apart from the gas inhalation. The control and gas sessions were 4 days apart. The subjects were paid at the end of the second session, to ensure full co-operation.
RESULTS
Control data showed that decision criterion values (CR) in the high-risk condition were always significantly greater than those for the low-risk condition.
Greater CR values imply less risk taking. By contrast, no difference was found between the criteria used in both risk conditions, during inhalation of low concentration of enflurane. Figure 1 presents the group mean criterion values for control and gas sessions for all risk conditions; in figure 1A the order is Low riskHigh risk-Low risk (L.H.L.) and in figure 1B the order is High risk-Low risk-High risk (H.L.H.). Analysis of quadratic trend (Scheffe, 1959) showed that the criteria used by the L.H.L. group in the three risk conditions were significantly different in the control, but not in the gas session. The criteria used by the H.L.H. were not significantly different in either the control, or in the gas sessions, probably because of the small size of this sample.
Since no significant differences were found between CR in repeated risk conditions, the two groups were combined for further statistical analysis, using only the data obtained in the first two risk conditions.
Assuming the same degree of dependence between any pair of observations in each subject, that is a similar influence of conditions and sessions, analysis of variance (model III mixed model, Hays (1973) ) was used over the two risk conditions, in gas and control situations. An overall significant difference (F = 33.05, P<0.01) was found, allowing multiple t tests for any two matched groups. The CR used in the highrisk condition were significantly greater (t = 2.9867, P< 0.025) than those used in the low-risk condition in control sessions, but they did not differ significantly in gas sessions. The criteria used in the control sessions were higher than those used in gas sessions for both the high-and the low-risk conditions (P< 0.001 and P<0.05 respectively).
Although the homogeneity of the subjects in respect of age, sex, socio-economic background and education might justify the above-mentioned assumption required for the analysis of variance, the non-parametric Friedman's analysis of variance was also used, to avoid any speculative assumption. Again, a significant difference was found between the four groups of results (x 2 = 18, P< 0.005). All subjects showed the same pattern of results.
The placebo group showed similar decision behaviour both in control and in pseudo-gas sessions. Friedman's analysis of variance revealed significant differences between the criteria used in different risk conditions and in different sessions (xr 2 = 27,P<0.01). Descriptive data showed that in both sessions the criteria used in the high-risk condition were higher than those used in the low-risk condition, and that the criteria used in the pseudo-gas situation were slightly higher than those used in similar risk condi- tions during the control session ( fig. 2) . Considering the small size of this group, the placebo data were unsuited to further statistical treatment.
DISCUSSION
Subanaesthetic concentrations of enflurane increased the tendency to adopt more risky strategies in decisionmaking situations. This tendency was reflected in the failure of the subject under anaesthetic influence to increase the decision criterion (be more careful) in the higher-risk condition relative to the lower-risk condition. Lower criterion values imply that the subject was more willing to choose the "yes" response when uncertain despite the risk of money loss. This failure to be more careful under more risky situations did not emanate from lack of understanding of the situation. In an interview following the study, the subjects revealed that they understood perfectly what the best strategy should have been, but they did not care too much about it. This may suggest that, while they did not choose intentionally the risky alternative, neither did they avoid it. Thus, as they were fully aware of the risk involved in the "yes" response, their behaviour may be interpreted as careless and irresponsible.
The data suggest that this effect was the result neither of fatigue nor of the subject's expectation of gas effects. Fatigue would have been reflected by a change in the criterion value for repeated risk conditions. No such change occurred. The data of the placebo group, also obtained with a very small sample, might indicate that the decision behaviour shown by the subjects in the gas session is not the result of subjective expectations about possible gas effects, or any other psychological effect of the situation. The observation that the criterion values adopted by the placebo group in the pseudo-gas session for both risk conditions were slightly higher than control values might be explained by a predisposition to be more careful under what the subject believed to be anaesthetic influence, assuming its negative effect. The H.L.H. group used significantly higher (P<0.05; t test) criteria than the L.H.L. group in the "control", but not in the "gas" session. This difference reflects the decision criteria of one of the two subjects in the H.L.H. group, who used criteria twice as high as did any other subject. He claimed to be an extremely cautious person when interviewed after the experiment.
The present study also raises the question of trace anaesthetic effects on operating room personnel. The concentrations used in this study, which are about onesixth to one-eighth of MAC, are greatly in excess of those average values reported for the air of operating theatres. Nevertheless, they suggest an influence, which might, alone or in combinations with other factors like fatigue and tension, interfere with the normal decision-making behaviour of those exposed to anaesthetic agents. COMPORTEMENT 
